The use of technology that allows students to view lectures or concept modules outside the classroom has become popular in recent years. The most straightforward and accepted definition of a flipped-classroom was given by Lage, Platt, and Treglia "Inverting the classroom means that events that have traditionally taken place inside the classroom now take place outside the classroom and vice versa"
improvement in standardized testing (American Chemical Society analytical chemistry examination) but the data size was "too small to be statistically significant". 15 The student outcomes from in-class exams and student GPA's did not change and student GPAs were not significantly different. 15 O'Flaherty and Phillips completed a scoping review of the use of flipped classrooms in higher education and with the purpose of completing a "comprehensive overview of relevant research regarding the emergence of the flipped classroom and the links to pedagogy and educational outcomes, (to) identify any gaps in the literature which could inform future design and evaluation" Their results indicated that there was a lot of indirect evidence of improved outcomes and student/professor satisfaction when using the flipped classroom method but that there was a lack of conclusive evidence that the flipped-classroom method affects lifelong learning. 16 While this may be true, the research reviewed for this paper, and this paper itself, did not intend to measure the effect of flipping the classroom on students' propensity toward or skills in lifelong learning.
The background for this paper concludes with review of the relevance of the findings of He, Gajski, Farkas, and Warschauer. Their paper discussed the implementation of a flexible hybrid instruction model for a low-level electrical engineering course. While their focus was different than this paper, it is helpful for understanding the results of this paper. They found that class attendance only predicted student performance for difficult course material and that students with too much time on their hands did not manage their time well. They also found that motivation predicted exam performance "especially when the content is challenging." 17 Finally, and most relevant to this paper, they found that the success of their hybrid format depended upon "student skills and course difficulty." 17 
Introduction:
An introductory circuits course at Western New England University (Springfield MA), with students majoring in all engineering disciplines that are required to take the course, was redesigned to use a hybrid flipped-classroom approach. Research has shown that students prefer in-person lectures to video lectures but also prefer interactive activity-based classes to lectures 2 . In order to cover all the material in the curriculum for the course, it would be difficult to have the course solely activity-based hands-on learning and avoid delivering lectures completely. Since research indicates that students prefer in-person lectures over video lectures, the circuits course was redesigned to utilize a mix of in-person and video lectures and incorporated group problem solving. The lab time was also divided between group problem solving sessions and laboratory work. This paper presents the structure of the hybrid flipped-classroom circuits course, the methods used in lecture to make them more interactive, a comparison of final exam outcomes from before and after the course design change, and comprehensive summative data from student surveys.
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Course Structure Before and After Changing to a Hybrid Flipped-Classroom
Prior to changing from a traditional lecture and lab course, the circuits course had three lectures per week; homework assigned weekly, graded and returned a week later; three exams and a final exam; laboratory work mixed between a three week project, seven labs with brief write-ups, three recitations, and a lab practical exam. After the course was changed, the lectures were mixed between 70% traditional and 41% video. Some of the video lectures were redundant with the traditional lecture content. The homework method was changed to utilize a weekly homework assignment that was delivered with a detailed solution. Approximately a week later, students took a quiz that was almost identical to one of the homework problems (numbers changed and sometimes slight changes in topology). The laboratory activities were unchanged and still included a mix of lab work and group problem solving. A midterm exam and a final exam were given. Shown in Figure 1 is an excerpt from the course syllabus describing the method of instruction.
Method of Instruction:
1. Lecture classes will be a mixture of in class instruction and recorded lectures. Students will be responsible for checking the course management system classroom for recorded lectures that they must watch before attending class. Time will be allocated for in-class group problem solving.
2. Homework will be assigned weekly and the solutions will be provided concurrently. Homework is not collected.
3. Approximately once per week there will be a quiz that is based upon one of the homework problems from the previous homework set. 4 . They will be a midterm scheduled as a common exam for all four lectures sections. Problems will be similar to quiz problems and or lecture material -full solutions are required.
5. The final exam will also be scheduled as a common exam for all lecture sections. Problems will be similar to quiz problems and or lecture material -full solutions are required.
6. The "lab period" will consist of recitation or lab. Recitation meetings will primarily consist of the students working problems in small groups, with individual instructor or lab TA assistance as needed.
There may be discussion of laboratory experiments and their requirements. A portion of the lab time is used for project work. Laboratory procedures and requirements are described in a separate document. Shown in the Appendix in Table A1 is the lecture schedule for the fall semester. The schedule was a guideline for content covered during each lecture day, thus the plan was more or less adhered to, with minor adjustments along the way. Time was allocated for in-class practice and lecture material was presented during the class or in a video before the class and sometimes after the class. The reason that lecture material was, at times, presented after the class was that methods were used to make the lectures more interactive. A problem was put on the whiteboard and the steps to solve it were not verbally described by the professor, instead the professor called on students to explain what should be done in each step to solve the problem. Typically, a row of students would be called upon per problem, but if it seemed that a student was not paying attention, she or he would be the next student queried for input. Another method that was used to help the students learn was what could be called "put your pencils down and listen". The professor would go through a problem with the students watching and listening and asking questions. Then after the problem was solved, the students would copy the problem from the whiteboard. Many students seen by this professor cannot effectively listen to a lecture, watch what is written, and write notes at the same time. Therefore, the slower lecture technique was utilized to allow students to listen and watch, and then to write their notes. The main challenge with this technique was the disparate rates at which students copy the problems from the whiteboard. Many of the quicker students had to wait for their peers to finish writing their notes. This issue will be addressed in the survey data section of the paper. Getting back to the video lectures posted after the class. At times, when the content was not covered sufficiently because of the slower in-class lecture techniques, a video lecture was recorded with redundant lecture content after the class -usually posted within a day of the lecture. The video lecture material is summarized in Table 1 . Op-Amp Lecture 3 Table 2 shows the schedule for the laboratory experiments and recitations that were used for group work with hands-on problem solving. There were 7 lab experiments, 5 recitations where students worked in 2-person teams to solve practice problems or to work on their design project, 2 design project sessions (one for building and testing their design and one for rechecking their work and demonstrating a working project), and 1 lab session for the student's lab practical Page 26.57.5
exam. In all, 14 activities were included in 13 weeks with 36% of the time allocated for handson group work and 64% of the time allocated for lab experimentation. 
Final Exam Outcomes: Before and After the change to Hybrid Flipped-Classroom
Student performance data from final exams is used for learning outcome assessment. Because final exams are not returned to students, the final exam from year-to-year is ostensibly the same.
Comparison of final median performance on a question by question basis is possible where the questions are the same on the final exam before and after the course was changed to a Hybrid Flipped-Classroom. Data from final exams given in 2014 and 2012 are presented in Tables 3  and 4 . Table 5 shows the metric values from 2012 subtracted from the 2014 metric values. A positive difference shows and improvement and a negative difference shows a degradation in outcomes. The average score on the problems improved in 7 of 11 problems, but the median score improved in only 4 of 11 problems. The median score also was unchanged in 3 of 11 problems (2 of these had a median value = 100). The median score also declined in 4 of 11 problems and by a significant amount, -15 to -20 points, in 3 of 11 problems.
The summary statistics show mixed results and cannot demonstrate that the Hybrid FlippedClassroom method improved learning outcomes. There are some factors that were not controlled that could have affected the exam outcomes. First, the exam in 2012 was given in two parts. The first part was given during the last week of class and the second part was given during the final exam week. The 2014 final exam, however, was given in one sitting and had three hours allocated. Students who chose to take longer, were allowed to use more time. This was possible because the common exam was scheduled for an evening exam time with no exam following. It is likely that fatigue was a factor in some of the declining outcomes. Page 26.57.6 
Summative Survey Results and Discussion
At the end of the semester, following the final exam, students voluntarily completed a survey that focused on the delivery methods for the course, the student's perception of his or her performance, preference of where to seek assistance, etc… Because the survey was voluntary, some of the students declined (or simply forgot) to participate. About 60% (74 of 124) of the students enrolled in the class filled out the survey. Prior to the survey being given, students were informed that the purpose of the survey was to help the professor improve the course delivery for future students and to hopefully make learning more engaging, efficient, and fun for the future students. There were 39 survey questions and the results of most of these questions results are presented in this section. Some of the questions related to classroom configuration and related issues are not included in this discussion.
The first few questions were designed to see how students perceived their ease of learning before during and after the class. Figure 2 shows that a 54% of students would not have taken the class if it were not required. These students probably did not like their physics E&M class or thought the class would be difficult. Figures 3 -5 depict the student perceptions about how difficult they thought the course would be or was before, during and after the course. Figure 3 shows that before taking the course only 6.8% of the students thought that the introductory circuits course would be easier than other classes they have taken or are taking and 68% believed that it would be more difficult than other courses. During the course, however, students' thoughts about the difficulty of the course improved: 44% of the students stated that the course was easier than they expected it to be and 33% of the students stated that the course was more difficult than they expected. By the end of the course, many more students thought 45.9%
54.1%
Before taking this class, is it a class you would have elected to take if it were not required?
Yes
No the course was easier than they had anticipated: 45% of students stated that the course was a little easier and 12% stated that it was much easier (up from 5% during the course) and 22% of the students stated that the course was more difficult after they had finished. All the measures show that students' perceptions of the difficulty of the course improved throughout the course. This may be in part due to the delivery methods, but without similar data prior to the change to a hybrid flipped-class room, the delivery methods cannot be shown as causal. Students were asked how many, of the 17 available video lectures, they watched and how many times they watched the video lectures a second time. Figures 6 -9 show the results from these survey questions.
It should be clear from the data that many of the students did not watching all of the video lectures. While 72 of the 74 students who participated in the survey stated that they had watched at least one video, 50% of the students watched 5 or fewer video lectures. This may be due to the fact that some course material was covered in traditional lectures, recitations, and in video lectures. The good news is that 28% of the students did watch 10 or more videos. The data in Figure 8 shows that only 22 of 74 students re-watched videos 3 or more times.
The data shown in Figure 9 suggests that the majority of students, when watching lecture videos, did so with active learning in mind. They either rewound the video to listen again or to take notes. Figure 10 shows perceptions of the usefulness of the video lectures for learning. Only Page 26.57.11
5.5% of the students reported that the videos were not helpful for learning. 92% of the students reported that videos helped them learn course material. Figure 11 shows that in conjugation with student perception that the videos are helpful to learning, 70% of the students prefer self-paced videos or a mix of videos and in person lectures. Some of the video lectures were redundant with in-class lecture material. The professor wanted to know, in a follow up question to the "self-paced" question, whether videos were helpful for correcting errors in notes that were taken during an in-class lecture. Figure 12 shows the results of this survey question.
As stated in the "Course Structure Before and After Changing to a Hybrid Flipped-Classroom" section of the paper, the professor would often cover a problem while asking the students to put their pencils down so they could listen and watch. After the professor was finished, he would allow students time to take notes and asked them to think about what they were writing -not just to copy the problem into their notebooks. This method was much slower than a traditional lecture where a professor covers a problem and moves on to the next problem or theory. The professor was curious to know whether there was a negative effect on the students by using the slower technique. The survey data shown in Figure 13 addresses this. Only 4.1% of the students stated that the technique was "waste of their time" and another 9.6% stated that "some of the time" the technique was not necessary. The vast majority, almost 70%, stated that the technique was helpful for their learning. The professor also wanted to know whether students thought more material should be covered by redundant lecture videos. The responses were open ended and collected and grouped. Shown in Figure 14 are the results for the survey question. The results were a bit difficult to tabulate because of the wording of the question and the open-ended responses. No, probably means that students answered the first question and stated that more material is not necessary. 0% could mean the same thing, "don't need more material" The 41%, chosen by 24% of respondents was a tabulation of students saying "leave the amount the same" So, adding the "No" and the "41%" categories, 17% + 24%, yields 41% of the students stating that the material covered by video lectures was sufficient. The other categories 25%, 50%, 75% and 100% are interpreted as a total percentage of videos lectures. Thus, only a small portion, 15% of respondents, stated that fewer (the 25% category) videos lectures should be used for the class. The fact that 39% of the students stated that more video lectures should be offered is bit strange, given that very few students watched all of the videos available. See Figures 6 and 7 Figure 17 , suggests that half of the students surveyed felt that the hybrid approach to lecture material contained a sufficient number of lecture videos and supplemental videos, but that 37% of the students wanted more supplemental videos. Additionally, 13% of the students wanted more videos as primary lecture material or to completely switch the class to lecture videos. This data is supported by the survey question results shown in Figure 18 . 41% of the students surveyed have used other video lectures to help them learn the material for the course. The data depicted in Figure 19 also supports the idea that students want more video learning resources. 87% of the students stated that more videos showing solved example problems would be somewhat to extremely helpful for their learning. As described in the Course Structure section of this paper, the course included a recitation component that was mixed with the lab experiments. The vast majority of students stated that recitations were very helpful to their learning. Only 2.7% reported that the recitations were not useful. The Course Structure section also described how homework problems and solutions were provided at the same time and that a quiz followed about a week later with a question that was very similar to a homework problem. Students reported that they preferred this method of learning over the traditional method of homework assignment, homework collected, graded, and returned. The professor was concerned that this method may not be effective, so several survey questions were asked regarding: preference for the method, flexibility for time management, and procrastination.
Data in
Only a small percentage of students, 8.3%, preferred the traditional method of homework, grading, return the graded homework. A huge majority of students, 74% preferred the 73.6%
18.1%
The professor provided homework with solutions for you to learn from. This is different from most classes that assign homework, collect it, grade it, and hand it back later. The homework with solutions allows students to learn from solved problems and b traditional homework assignment/collection/grading/return about a week later homework / solution a quiz a week later method either is fine for me -no preference homework/solution/quiz method of learning. 18% stated that either method is fine -they had no preference. Regarding time flexibility afforded by having a solution along with the homework assignment, an overwhelming majority of students liked this flexibility, 92%.
As for procrastination, it is quite common for students to procrastinate and leave their work to the last minute. The concern this professor had with the homework/solution method was that students wouldn't do any work until the night before the quiz and at that time they would try to cram the knowledge into their brain. The professor was also concerned that students would find it difficult to do their work and to check their work by comparing their work with the solutions. Figure 23 shows data from the survey question that addressed these concerns to some degree. The procrastination was asked directly, but the preference of the learning from solutions was asked instead of how the students used the solutions. In this survey question, multiple responses were allowed. Shown on the y-axis of Figure 23 is the percentage of students who agreed with the statements. Most of the students liked having the solutions, 53%, and interestingly about the same percentage of students who stated that having the solutions allows them to procrastinate stated that they would procrastinate with any homework method utilized.
The last survey question covered in this paper asks where the students turn to for help when they are having difficulty learning the material. One of the students pointed out that the professor making the survey did not list "textbook" as an option of where to turn. Perhaps it is naïve, but the professor assumed that the students were attempting to learn from the textbook and the question was meant to see where the students sought help when they did not learn the material from the textbook. The data shows that on average, students would first seek help from classmate, then they would watch a video lecture (or perhaps YouTube or Khan Academy), then they would see the professor, and finally they would go to a tutor or a lab assistant.
This data reinforces the idea that the hybrid flipped-classroom model of teaching and learning is working. Students state that they would watch a video as their second choice and the rating was just about as high as student preference for working with a classmate.
Further Discussion and Conclusion
While the outcomes from the 2012 final exam and the 2014 final exam, comparing student performance before and after the introductory circuits course was changed, did not demonstrate that the change was beneficial to the students' learning, the data presented from the survey results show a strong preference for inclusion of video lectures and video problem solving examples in the course. Including videos as primary and supplemental learning sources allows the professor to go over example problems more slowly in class. This allows students to watch and listen more attentively during the presentation of an example problem or theory. Afterwards students are allowed to scribe notes in their notebooks and to think about the problem as they do so. Only a small percentage of students were negatively affected by this technique.
The results from the survey show that while students prefer video lecture material, many of them do not watch the videos. One suggestion that came from an open-ended response was to have the solutions to the homework problems only presented in video form. This would force students to check their homework by comparing their work with the video instead of with a paper solution.
Students also indicated that when they watched video lectures, the rewound the videos to listen again and/or to take notes. There are many universities that have training material available to help students learn how to take notes in a traditional classroom lecture; even prestigious Ivy League schools offer this assistance 18 . When video lectures are available as primary or secondary learning material, students are afforded the opportunity to pause the lecture when they realize they didn't quite understand the explanation.
Students in this course had the opportunity to learn from a many different sources: traditional lectures with interactive slowed portions, video lectures as primary and secondary lecture material, homework assignments with solutions, recitations, and each other. The survey data demonstrates that the vast majority of the students in the introductory circuits course preferred the hybrid flipped-classroom learning method compared to a traditional lecture method. 87% of the students surveyed stated that the class' mix of traditional lectures and video lectures should either stay the same (50%) or keep the most of the lectures traditional but add more supplementary videos (37%). Additionally, 8.6% of the students surveyed wanted more video lectures to allow more in-class exercise time and 4.3% wanted the class completely flipped.
During the spring 2015 circuits II class, the instructor asked the student for anecdotal feedback about the previous class. The circuits II class is only taken by electrical and computer engineering students, so the evidence may not be generalizable. Students primarily stated that when the material was more difficult, they utilized more of the out of class resources to learn the material. They also stated that between themselves and their classmates, they noticed that more motivated, harder working students performed better. One of the "A" students stated that she watched very few videos in circuits I because the material was easy. Now that the material is more challenging, she routinely watches the videos posted for class lectures and YouTube videos. This feedback, while anecdotal, supports the assertions of He et. al. The difficulty of the course has a tremendous impact on the success of the hybrid flipped classroom method. If the material is more challenging, students will probably benefit more from the hybrid flipped classroom. 
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